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content higher than 0.07 wt% in 316L(N) SS. Four heats of 316L SS, containing 0.07, 0.11, 0.14 and 0.22 wt% 
nitrogen (designated as 316LN SS) were produced to study the effect of nitrogen on the tensile and creep 
properties of 316 L SS. The carbon content in these heats was maintained at ~ 0.03 wt. % and the actual 
chemical composition of all other elements was similar (Table 1).  The influence of nitrogen content on the 
mechanical behavior of austenitic stainless steels has been reported extensively [2-6]. Recent studies on the 
effect of nitrogen on the mechanical properties of 316LN SS have shown that the alloying element nitrogen 
increases the tensile, creep and low cycle fatigue properties of 316LN SS significantly [7-10]. 
Creep tests were conducted at 923 K at several stress levels in the range of 140 to 225 MPa.  The creep 
rupture lives were in the range of 50 to 16,000 hours.  The creep properties of four heats of this material have 
been reported previously [11].  This paper presents the results of transmission electron microscopy (TEM) 
studies carried out on the precipitation behaviour and dislocation substructure of this material after creep 
fracture. 
Table 1. Chemical Composition of 316LN SS  (wt. %). 
2. Experimental 
Creep tests were carried out at 923 K over a stress range of 140 to 225 MPa. All the creep tests were 
conducted in accordance with ASTM standard recommended practice E-139 and the test temperature was 
controlled within ± 2 K.  Round specimens with 50 mm gauge length and 10 mm gauge diameter were used 
for the creep tests. Dislocation substructural and precipitation studies were carried out employing transmission 
electron microscope. Transverse sections of about 1 mm thickness were cut from the fractured creep 
specimens. These were mechanically polished to a thickness of about 0.1 mm and were then electro-polished 
using the jet polishing technique.  The electrolyte used for this technique consists of 80% methanol and 20% 
perchloric acid.  The electrolyte bath was maintained at 238 K and a polishing voltage of about 20 V was 
employed. The thin foils were observed in a Philips EM 400 TEM. 
3. Results and discussion 
Figure 1 shows the variation of steady state creep rate with applied stress (log-log plot). A power law 
relationship was found to be obeyed indicating that creep deformation is controlled by dislocation creep 
mechanism.  Generally, in pure metals and simple solid solution alloys, value of n=3 to 5 is observed and this 
value is associated with dislocation creep mechanism. Other major creep deformation mechanisms such as 
diffusion creep is characterised by n=1, and grain boundary sliding controlled creep is identified with value of 
n=2.  In austenitic stainless steels, precipitation takes place during creep and values of` n intermediate between 
those of solid solution alloys and precipitation hardened/ dispersion strengthened materials have been generally 
reported [12-14]. Stress exponents in the range of 3 to 12 have been generally associated with dislocation creep 
mechanism in austenitic stainless steels. The values of the power law exponent (n) were 13.6, 7.8, 6.9 and 5.5 
Designati
on 
N C Mn Cr Mo Ni Si S P Fe 
Grain size 
μm 
7N 0.07 0.027 1.7 17.53 2.49 12.2 0.22 0.0055 0.013 Bal. 87± 9 
11N 0.11 0.033 1.78 17.62 2.51 12.27 0.21 0.0055 0.015 Bal. 96± 8 
14N 0.14 0.025 1.74 17.57 2.53 12.15 0.20 0.0041 0.017 Bal. 78± 8 
22N 0.22 0.028 1.70 17.57 2.54 12.36 0.20 0.0055 0.018 Bal. 87± 11 
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Fig. 1. Variation of steady state creep rates of 316 LN SS
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Various studies reported in the literature on the dislocation substructure due to creep deformation in 316LN 
austenitic stainless steels are limited to the material containing 0.07 Wt. % nitrogen[12,15].  In the present 
study, dislocation substructures were examined for  316 LN SS containing 0.07, 0.11, 0.14 and 0.22 Wt. % 
nitrogen. 
4. Conclusion 
Dislocation substructure and precipitation behaviour of 316LN stainless steel containing nitrogen levels of 
0.07, 0.11, 0.14 and 0.22 Wt. %.  Dislocations were observed to have rearranged in the form of subgrains in the 
material containing 0.07 Wt. % nitrogen.  Continuous beads of precipitates along the grain boundary and a 
fairly uniform distribution of carbides with the matrix were observed in the steel containing 0.14 and 0.22 Wt. 
% nitrogen after creep testing for 9700 h and 16000 h respectively. 
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